Intensive care unit (ICU) patients are at particular risk of postoperative respiratory failure after major abdominal or thoracic surgery, e.g. oesophageal resection 1, 2 . Although tracheal extubation immediately after surgery is often uneventful, pulmonary atelectasis, oedema, pneumonia and systemic inflammation may subsequently develop and compromise respiratory function to a level that requires ventilatory support. Non-invasive ventilation (NIV) with pressure support ventilation and positive end-expiratory pressure (PEEP) or continuous positive airway pressure (CPAP) by a high-flow face mask may stabilise respiratory function and avoid the need for endotracheal re-intubation 3, 4 . However, there are various contraindications to NIV and mask-CPAP, such as recent cervical anastomosis or anastomotic leakage after oesophageal surgery, due to the pressure exerted on the anastomotic sutures or the leak.
Intratracheal jet ventilation is an effective method for ventilating anaesthetised, apnoeic patients when artificial airways or bag-valve-mask ventilation interfere with the surgical procedure, e.g. during intralaryngeal or intratracheal surgery 5 . Jet ventilation is widely used in premature infant and neonatal care 6 and, in adults, mainly restricted to the conservative treatment of bronchopleural fistula 7, 8 . However, jet ventilation has not been used to support respiration in conscious and spontaneously breathing adults in the ICU. We report two patients with contraindications to NIV and/or tracheal re-intubation after oesophageal surgery who were supported with endotracheal jet ventilation.
CASE HIStorIES Case 1
A 76-year-old patient required tracheal re-intubation for hypoxaemic, non-hypercapnic respiratory failure on day eight after oesophageal resection. Bronchoscopic examination of the airway and Ct-scan revealed anastomotic leakage resulting in a tracheo-oesophageal fistula with a 4 cm long defect of the posterior tracheal wall. treatment consisted of tracheal stenting, which was performed under general anaesthesia, and jet ventilation. Candida pneumonia made prolonged respiratory support necessary. An endotracheal tube cuff inflated within the tracheal stent was considered undesirable and placing the inflated cuff distal to the SUMMAry Intensive care unit patients are at particular risk of respiratory failure after major abdominal surgery. Non-invasive ventilation or application of continuous positive airway pressure through a face mask may stabilise respiratory function and avoid the need for endotracheal re-intubation. However, there are various contraindications to non-invasive ventilation and/or tracheal re-intubation, such as recent oesophageal anastomosis, anastomotic leakage or tracheal stenting for tracheo-oesophageal fistula. A specific management strategy consisting of continuous intratracheal jet ventilation to support spontaneous respiratory function is described in two patients with contraindications to non-invasive ventilation or mask continuous positive airway pressure after major oesophageal surgery.
Case RepoRt
Anaesthesia and Intensive Care, Vol. 35, No. 6, December 2007 stent would have resulted in endobronchial intubation. respiratory support was therefore provided through a size 5 laryngeal mask airway (lMA) with an ICU ventilator (Evita 4, Dräger Medical AG & Co, lübeck, Germany) using a proportional pressure support mode. On day five after tracheal stenting, pharyngeal ulceration and bleeding occurred due to the lMA, which had to be removed. CPAP via face mask was also considered contraindicated because of concerns that the stented fistula would be prevented from healing. Consequently, a 40 cm long jet catheter, 4.0 mm in external diameter (Acutronic Medical Systems AG, Hirzel, Switzerland) was advanced through the patient's nose into the trachea with its tip positioned inside the tracheal stent. Catheter placement was performed under bronchoscopic visualisation. Spontaneous breathing was supported for 10 days with a continuous jet stream (80% of oxygen; frequency: 150 /min; pressure: 1.5 bar; Monsoon ® , Jet Ventilator IfM GmbH, Wettenberg-launsbach, Germany), with adequate oxygenation and Co 2 elimination (table 1) . the patient was lightly sedated with clonidine, remifentanil and propofol. Unfortunately, he died in the course of his ICU stay from septic shock.
Case 2
A 63-year-old patient was uneventfully extubated on postoperative day one after oesophageal resection and cervical anastomosis. the nasogastric tube dislocated due to the patient's gagging. Endoscopic reinsertion would have exerted mechanical stress on the anastomosis and was considered potentially harmful. Without a nasogastric tube, mask CPAP was likely to result in gastric hyperinflation, which, without proper decompression by a gastric drain tube, would also exert pressure on the anastomosis. therefore, mask CPAP could not be applied when the respiratory function deteriorated on postoperative day two due to early onset pneumonia. Consequently, a nasotracheal jet catheter was placed under flexible fibreoptic guidance and the fully awake, nonsedated and mobilised patient received supplemental jet ventilation with 60% oxygen, a frequency of 170 /min and a pressure of 1.5 bar. His gas exchange improved significantly and supernormal blood gases were achieved (Table 1) . Daily flexible bronchoscopy under topical airway anaesthesia using nebulised lignocaine 4% 5 ml was required for the first five days to remove bronchial secretions. Jet ventilation was continuously applied for 12 days and well tolerated by the patient (Figure 1 ). repeated arterial blood gas analyses performed at two-hour intervals during the first 24 hours of sudden cessation of jet ventilation indicated stable respiratory function. When the chest X-ray examination performed on day 13 also revealed no pathology, the catheter was removed from the airway. on postoperative day 16, the patient was transferred to a general ward in good condition.
DISCUSSIoN
Both cases suggest that supplemental jet ventilation can be effective in managing respiratory failure in spontaneously breathing patients with contraindications to NIV. In case 1, an endotracheal tube could not be placed because the 8 cm long stent was too close to both the carina and the larynx. the cuff of the endotracheal tube would have been inflated within the stent, resulting in potential life-threatening stent damage. the use of an lMA could not be continued due to pharyngeal ulceration and airway bleeding. In the second patient, endotracheal re-intubation was the only alternative to the regimen applied. the nasotracheal jet catheter was well tolerated without any sedative or analgesic requirements, resulting in a cooperative, alert and satisfied patient who was mobilised within the room.
Daily bronchoscopic removal of tenacious bronchial secretions was required in both patients, a disadvantage of jet ventilation. Although the patients received nebulised salbutamol and tyloxapol (a mucolytic agent) at four-hour intervals, insufficient humidification of the jet stream contributed to the formation of extremely tenacious secretions. Blind insertion of a suction catheter into the tracheobronchial tree was considered inappropriate because the risk of inadvertent and undetected oesophageal catheter advancement with subsequent injury of the anastomotic site. Flexible fibreoptic bronchoscopy was required which resulted in significant patient discomfort despite topical airway anaesthesia with nebulised lignocaine.
Additional intravenous sedation, otherwise being the standard of care for awake flexible fibreoptic bronchoscopy in our institution, was not performed because it was feared that even a small dose of propofol for example could have resulted in significant respiratory depression in this particular patient.
In conclusion, supplemental intratracheal jet ventilation represents an appropriate alternative to endotracheal re-intubation in patients with contraindications to NIV and in those with contraindications to endotracheal intubation or tracheostomy. Patient compliance is absolutely essential and the most determining factor of success or failure of jet ventilation in spontaneously breathing, conscious patients. Although supplemental jet ventilation should be taken into consideration in patients with respiratory failure and contraindications to NIV, mask-CPAP or re-intubation, this regimen will be limited to a selected patient population. rEFErENCES
